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sUi"l l '1ÀRY.
ln  t i t t , ,  F  j  rs t_  L r . . 'o  c l i . r lLc rS wc . r i \ . / c  , .1  : r ( l r t r i t - l r , tL i , tn  t_heore t , i c ;aL  apn i^oar_ .1- r  o i
t - i t r :  r - , x r : l - i a n . 1 1  i  r r t r t t . . l c t r í J n  l r r : t r v e  e n  t w o  s l ) i r . L s  i , n  e  r i i a n a r . ; ' n e t - i c  L a t t - i c r : .  I n  , : h a n r - e r
, ) i r . -  w È .  l c ; y 1 ' : e 2  d r )  , r l i  r , , : s i r r l l  i  r r  t l r c  c x c l r ; r ] 1 . j i r  i I l  t h a r  i l . 1 r t I . c ( l - F ó r , ' k  a p l r r o l ' : i n a t i t r l  ,
r r i r i  o l , t , t t l i  . r  s ; i n o l  c  f  o i ' n r r t l a  f o r  S L - 1 n { t r e x c í I ; t n r t , :  t , , r k i r - i q  i n t - o  a t - - c t o t t t t t .  o r i l ' . t  i : a t - i i l ; i -
. t f i L , - l n  ' . l r r  r - - r > - " r a l e t r r - " r ' .  1 1 t c  t ' . r r i o L l : i  c o n t r i b u i i o n s  i - o  t h o  c x c i l a i t , t , ,  ; t i  t :  l i - s . i r t s : i É ' . . 1  , i - ,
l ' l r c  l ; , r , ;  L : ;  , t Í -  t l i e  , i : ; : : r l : l r t i o r r  t , ] t , : t  r - : ; < c ] - i i i n ( J ' . t  t a k t :  s  i r l  a c e  n r : c c l o n  j  t , ' r n t  l v  ( t i t l t c t :  a r t ,
l - i t t - ,  . r r r i , r l r  r r r  t r : ; r n s i t i , . r r i - - r n e t a l  L j o r i l D o u n i l s  o r  i t f  t l r e  c a t i o n  i n  r a i : e - c a l ' t h  c o l n i r o , - l i ) ( l s .
l i r i l l r l - t  i : r l u a t i o r i s  a r : c . l c r r i v e r l  f r > r  t h c s c -  c x c h a n c J c  c o n t r i b u t i o n s  a n c . i  t - ] r e s e  a r e  c o t n -
n , . - r r r : ,1  w i  t - i r  e  xc l i c ln { le  m€ch, r r r i : : l ; i s  as  r l i s l -ussc i ' l  i n  t l t r :  l i t c i : . r ' t  r t r r :  .  I  t  i s  f  ounr . ' l  t , l t . t t .
r t .  i s  T r o s s i J r l c  1 o  i 1 i v c  i t r  t h r s  n r a r j n e r r  u s i n r l  t h c -  I l a r : t - r : c ' e - J r ( - ) ( , r f l  i e c o n . l - o r r l e r  p e r -
t u r b a t r o l r  e , l L r a t i o l i  f  o r  t - i r c  e x c i r a l r q e ,  a  u n i  i ' i e c l  b ; r s i s  f o r  1 - i r i '  , . ' , r r i o r r , i  n l i ' c i l a n i s l Í j l : i
r  r r ' , , , n o S e d  i n  I  i t e r a t r - r r e
I r L  c h , r l t e r  t w o  t h e  d i ' - ; t a n c e  c l e p e r n C e n c e  o f  t h e  e x c h a i l ( J e  i - s  i l i s c u s s e . l  u s i n q
t h e  e q u a t i o n s  d e r i v e d  i n  c h a p t e r  o n e .  T h e  v a r i o u s  c o n t r i b ' - r t i o n s  L o  t l r e  e x c h a n q c
. l r Ê  d e r i l . ' e d  i n  d e t a i l  f o r  a  n u m b e r  o f  s i m p l e  n o C e l  s y s t e n s  s r l c l r  a s  a  t h r e e - c e n L e r
s ) / s t e r n  c o n s i s t i n r - Í  o f  a  c a t Í o n - a n i , o n - c a t , i o n  c h a i n ,  a  f o u r : - c e n t e r  c a t i . o n - a n i o n - a n -
r , r i ;  - c a t i o r t  c h a i n  , a n d  ' : r  l i n e a r  N - c e n t e r :  c r . r l , i . o n - a n i O n  a i t r a . r .  O n l ' l  c a t i o n - a n i o n
. i : r  1 , ; , ' 3 L i : n c r ' ,  . r n i c r i - a r l i c n  D o  c o ' . / a l e n c l /  a n d  r . - h e  o n - s i t e  d d  C o u l o m b  i n t e i : a c t Í o n  i s
t . r k . c n  l r i t - , ( ) . - - i . - - c o i r n t .  I l -  i s  s h o r ^ / n  t h a t  a s  a  r : e s r : l t  o f  t h e  d p  c o v a l e n c y ,  t h e  s n i n  o f
L l i . :  t i r a . i r ' ' . r L i c  r : l e c t . r o n  s r ; r e a i l s  o \ , ' e r  t h e  n e i . J h b o l r r Í n q  a n i o n s .  T h e  r a n q e  o !  t h e  s p i n
r l c n s i . t ' " . '  I  j  s t - r  L b u t - i ( r f r  r : ;  e q u a l  t o  t h e  r . a n q e  o f  t h e  e x c h a n ! c  i n t e r a c t - i o n .  T h e  e x -
( i  j I , r n . l c  i n t - r : r . r c t i o r - r  i s  r ; i . r i n L y  a s c r i b e c . l  t o  s o - c a l l e c l  k i n e t i c  e x c h a n q e  /  d u e  t - o  t r a n s -
l o r  u L  r n  .  ' . ' ] q c t r  , f l  r .  l  '  t  l r r o  r  t l r  t h ' ,  l i a n r a l r r c t i e  L : t c i c e  b c f . t . i c e n  t l ) c  F . w o  r : J . r n É -
t i . r  ( i i l t l o r i s .  À  I r ; r t - h  n i o ' . 1 r : l  i s  . l e r i v e , l  : - n  w h i c - h  t h e  c x c h a r ' t 1 L 1  L n t e r a c l , i o n  i s  a n a l t z z c  I
I n  t c i - n i s  r t f  r r r - o , . l u c t s  o F  t h e :  v a r i o , r s  n o s s i b l  e  t r a n s f c r  i n t c , l t - , r l  ' :  b e t - ' , v c e n  n e a r e s t - -
r t e i ,  i l t b o u r  . t t o n r s  a l o r i r ]  D a t h s  L c a d r - n q  f  r c m  o n e  I n a q n e t i c  i o r - r  t o  a i t o t h e  r  .  T h e  e x c h a n . t . .
i s :  o f -  . . ' e i - - - '  I  on . Í  Lan.Je  v ;hen the  e tn ï l t v  ma. r l te t_ ic  s ta t .e  co lnes  cLc>se tc  thc  top  o f  t ,hc -
l i L l , : - l  ' " ' , 1  I e n { r a  b a n l l  .  I i - r  t i - i i s  L i n i t ,  h c v , r e v e r ,  p e r t u r b a t i o n  t h e o r r . r  i :  n o  t o n r j e i :  ' . ' a -
l  r . l  .
I n  t i i e  n e x t  f o u r  c h a D t e r s  w e  g i ' v ' e  e x p r e s s i o n s  f o r  t h e  e x c h a n q e  a n d  e L e c -
t - i - o i r i c  s t - r u c t - i 1 r , : ,  u s i n . r  G r e e n ' s  f  , r n - - t i o n  t e c h n i l r - r e s  ,  f  o r  a  n o i l e l  t a k i n q  i n t o
e a r c o , . i n t  e x p l  i c r - t I y  t h e  o n - s  j  L e  C o ' . r l  o m b  i n t e r a c i . - r o n  b e t , r v e e r r  c l  , o l e c t r o n s  .  T h e  r e -
s l l  t  s  o o  b e i ' o n . l  t h e  e x p r e s s i o n s  o b t a i i r e l  u s i n q  p e r t u r . b a t i o n  t l r c r > r : v .
I t r  c l r a o t e r  t h r e e  a  n o d e l  H a i n i l t c n i a n  i s  C e r i r r e , l  c c n t a i n i n c r  a  f i l l e r l  r , ' a l - e : : - :
r  /  n a : I n e t i c  i l  s t a t e s ,  a  c o ' " / a l e n t  i l t . e r a c t i o n  c f  t , h e  C  s t a t e s  w i t . h  t h e  b a r - r - l  .  -
. i n  1  . - l : l  o i l - s i t e  C o u L o n b  i n t e r a c t i c n  b e  t w e e n  1 1  e l e c t r o n s .  T h e  e l c c t r o n i c  s t t  i
' :  o i  n o : l e L  s v s t e m s  f r ; 1  g 1 r , z s 1 - a L s  c o n t a i n i n q  i r - r  e . a c h  u n i t  c e I L ; r  i n a q n e t i c  i o : -
1 i b
( N - c a t i o n  m o d e l )  w i t h  o n e  e l e c t r o n  i n  a  n o n d e g e n e r a t e  o r b i t a l  i s  d e r i r r e i
u s i n g  t h e  G r e e n ' s  f u n c t i o n  m e t h o d .  W i t h  t h e  s a m e  m e t h o d  w e  a l s o  s t u d i e d  a
r n o d e l -  w i t h  a  s i n g l e  m a g n e t i c  i o n  w i t h  o n e  e l e c t r o n  i n  a  n o n d e g e n e r a t e  o r b i t . a - l
i n  a  d i - a m a g n e t j - c  l a t t i c e .  F o r  t h e  l a t t e r  c a s e  t h e  e l e c t r o n i - c  s L r u c t u r e  a n C
t h e  s p i n  d e n s i t y  d i s t r i b u t i o n  i s  o b t a i n e d .  T h e  c o n n e c t i o n  w i t h  t h e  H u b b a r d  n r o -
d e l  i s  i n d i c a t . e d  a n d  t h e  e f f e c t s  o f  e l - e c t r o n i c  c o r r e l a t i o n  a r e  d i s c u s s e d .  F o r
a  m o d e l  w i t h  t w o - c a t i o n s  i n t e r a c t i n g  v i a  L h e  d i a m a g n e t i c  l a t t i c e  ( t w o - c a t i o n
m o d c l )  t h e  s u p e r e x c h a n g e  i s  d e r i v e d  w i t h i n  t h e  H a r t r e e - F o c k  a p p r o x i m a t i o n .  I c
is  shown tha t  the  Har t ree-Fock  approx imat ion  breaks  down when the  empLy s ta te
comes c lose  to  the  top  o f  the  band.  Equat ions  fo r  the  var ious  cont r ibu t ions
i - n  f h o  a v r h z n n a  w i t h i n  t h e  t w o - c a t i o n  m o d e l  a r e  d e r i v e d  u s i n g  t w o - p a r t i c l e
G r e e n ' s  f u n c t i o n s .
I n  c h a p t e r  f o u r  t h e  e l e c t r o n i c  e n e r g y  l e v e l s  a r e  c a l c u l a t e d  f o r  a  c r y s -
t a l  w i t h  a  f u l l y  o c c u p i e d  v a l e n c e  b a n d  i n t e r a c t i n g  w i t . h  a  n o n d e g e n e r a t e  d  s t a t e .
' P h e  n r - r - r i n a t i n n  n €  I  ^ ! - ! ^ -  - t ^  d e n S i t V  O f  r l  S t a t e c .  f h e  e € F p r - f i V e  O n - S i t e  C O U -r  r l s  u u e u y q  u l v l l  u I  U  >  L A  L C >  t  L l t E  L f  v {  u  J  u s  v e È  t
l omb  i n te rac t i on ,  r e laxa t i on  e f f ec t s  and  the  sp in  sp l i t t i ng  a re  ca l cu la ted .  The
in f l uence  o f  t he  band  p ro f i l e  and  the  degene racy  o f  d  s ta tes  a re  d i scussed .
In chapter  f ive we calcula le the range of  the k inet ic  exchange and the
s n i n  r l e n q i l - v  r l i q t f i b u t i o n  f o f  a  n u m b e r  o f  s i m n l e  m n r l e l  q w q f e m q  r r q i n o  l . h e  e x -
n r a q q i  o n q  d c r i  r r c Á  j  n  n l r : n í -  a r  r 1 - r r p p .  À l  t h o r r c h  f  h p  d e t a i l e d  b e h a V j _ O u r  O f  t h e
e w c h a n o p  i n l - ê r A ^ t i n n  a n d  q n i n  r l o n q i f r z  r l i q f  r i l - r r r f  i n n  r l i  F F o r  n r r r ' l i l - a 1 - i r z o l r r  f l - r a! e ! r \ a q q 4 r u u e 4 v v r l
same ru les hold for  both.  ï t  is  found that  the range of  the exchange is  larger
in a one-dimensional  than in a three-dimensi -onal  l -a t t ice.  When the emDLv
m À ^ n ê f  i  n  c f  e  l - ê  : n n r ^ : n h o e  t -  h a  i - n 6  O f  t h e  r z a  I  c n r - c  h a n r i  t h e  r À n d p  O f  t h e  e X -4  q r r Y r
n l - r r n r y o  i  n i a r : ^ + i  O n  i n C f  e a S e S  W h i t  ^  t - l r a  m : n n i  + r , À a  o f  f . h e  e x c h a n o e  i n t e r a C t i O nu r r u  L ^ u r r u r r r J g
dec reases .  The  exp ress ion  fo r  t he  k i ne t i c  exchange ,  de r i ved  i n  chap te r  two
us ing  pe r tu rba t i on  t heo ry ,  a re  vaL id  f o r  sma l l  dp  cova lency  when  the  emp ty
state is  far  above the top of  the valence band.  In th is  l imi t  a lso the path
m o r l e l  4 c r - p l  o n e r l  i  n  n l r ^ n È ê r  + r . r n  i  S  V a l i d .  W h e n  L h e  e m n t v  m a . Í n ê t . i  r -  ^ .!  L w u  ! r  v q ! r u .  v l l l c l l  r r  u r y L J  u ! u  è L d L g  A P P L  U d -
ches the top of  the valence band i t  is  shown that  one should take in to account  in
the  ca l cu la t i on  o f  t he  exchange  the  l a rge  sp read  o f  t he  two  magne t i c  e lec t . r ons .
J n  - l ' r : n È a r  s i  x  f . h e o r v  a n d  e x p e r i m e n t  a r e  g 4 2 m n : r a Á  T n  È h p  f  i  r q t  n a r t  o F1  q r r q  L  4  i l r y s !  s u .  r l t  L t l c  I  ! !  J  L  t / q !  L  v r
f h i s  , - h : n t . ê r  1 ^ ' ê  c a l g u l a t e  t h e  e l e C t r o n i c  S t r u g t p r e  O f  a  n u m b e r  o f  d ' "  c o m p o u n d s
l - , ,  - - J  ^ ^  - ^ ' - ^ L\ uu  q r ru  r19  ruu , ru r ra l i des  and  Zn  and  Cd  monocha l cogen ides )  and  d t ' lOao*po r - rna t
( t r ans i t i on -me t .a l  d i f l uo r i des  and  monox ides  and  manganese  monocha l cogen ides ) .
' f he  unpe r tu rbed  ene rg ies  o f  t he  va lence  band  s ta tes  and  d  s ta tes  and  the  on -
s i t e  Cou lomb  i n te rac t i on  be tween  d  e lec t rons  a re  ob ta ined  f rom spec t roscop i c
tab les .  The  va lence  band  w id th  i - s  de r i ved  f rom band  w id ths  o f  ma in -q roup
1 4 7
. -mn- r i ndq  óh t -À ined  f rom Dho toe lec t ron  snec t ra -  The  ca l cu la ted  e lec t ron i c  S t ruc -
t , r r e  i s  compared  w i th  resu l t s  o f  pho toe lec t ron  spec t ra .  I n  t he  second  pa r t .  o f
chap te r  s i x  t he  me ta l -nonmêta l  sepa ra to r  I i ne  and  the  e f f ec t i ve  on -s i t e  Cou -
l o Í t , b  i r r t e r a c t i o n  i s  d j " s c u s s e d .  I n  t h e  t h i r d  p a r t  o f  c h a p t e r  s i x  e x p e r i m e n t a l
ev idence  i s  p resenLed  fo r  I ong - rangc  exchanqe  i n te rac t i ons  and  sn j -n  dens i t y  d i s -
t r i b u t i o n s . T h e  k i n e t i c  e x c h a n r . J e  f o r  a  n u m b e r  o f  c o m p o u n d s  ( s p i n e l s  a n d  p e r o v s k i -
t es )  i s  d i scussed  us inq  the  pa th  mode l  deve loped  i n  cha r : t e r  two .
